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Specification 

1. Title of the Invention 

Agent for Reducing Neutral Fat in Body 

2. Claims 

1. An agent for reducing neutral fat in the body, containing a-cyclodextrin or a composition with <x- 
cyclodextrin as the major component as an active ingredient 

2. The agent for reducing neutral fat in body described in Claim 1 of the Patent Claims, the dosage 
form of which is powder, pellet, or an aqueous solution. 

3. Detailed Description of Invention 

The present invention is related to an agent for reducing neutral fat in the body. Specifically, it is 
related to an agent for reducing neutral fat in the body containing a-cyclodextrin or a composition with 
a-cyclodextrin as the major component as an active ingredient. 

In our country, with the improvements in food availability, the number of obese people has been 
increasing due to over-nutrition. As a result, the incidences of diabetes, hypertension, hypertriglyceremia 
and fatty liver have been increasing. 

Due to such situation, the inventors repeatedly conducted studies aimed at developing substances 
which have a body weight gain inhibitory activity or body weight reducing effect and which can decrease 
the concentrations of neutral fat in liver and blood. They found that cyclodextrin is effective, thereby 
achieving the present invention. 

Cyclodextrin has specific functions including an inclusion action. Utilizing this action, it is used for 
involatilization of volatile substances, protection of substances which readily undergo oxidation or 
photodegradation, modification of physical properties such as solubility, taste, color, texture, hardening 
speed, hygroscopicity, crystallization, etc., change in chemical reactions, emulsification and 
homogenization of water-insoluble substances, etc. Furthermore, research is being widely conducted 
on its use as a base material for drying and in foods, medicines, chemicals and agricultural agents for 
obtaining various pharmacological effects. 

However, the biological effects of cyclodextrin have been barely investigated. Normally there are 
three types of cyclodextrin: a-, and y-cyclodextrin. It is considered that the differences in molecular 



structure, based on the number of glucose residues, give rise to the differences in biological availability 
and biological effects. 

The inventors conducted various studies on the biological effects of cyclodextrin, other than the in 
vivo behavior and digestion and absorption of cyclodextrin, particularly a-cyclodextrin, from the 
nutriological standpoint. As a result, the following has become clear. 
Experimental Data 1 

a-cyclodextrin and the composition with a-cyclodextrin as the major component have a body weight 
gain inhibitory activity and body weight reducing effect 
Experiment Example 1 

a-cyclodextrin was dosed orally in rats at 5 g per kg body weight (1500 mg per rat), and the composition 
of carbohydrate remaining in the stomach and small intestines was determined at various times up to 8 
hours after dosing. As a result, although only about 30% of dosed a-cyclodextrin was detected in the 
stomach and small intestines 1 hour after dosing, it was confirmed that 8 hours after dosing 20% of the 
dosed material still remained. At that point the composition of the remaining carbohydrate was almost 
identical to that at 1 hour after dosing (Fig. 1). As the control, when starch was dosed, the composition 
of carbohydrate in the stomach and small intestines changed significantly over time. On the other 
hand, the content of glycogen in the liver after the dosing of starch significantly increased, peaking at 
3 hours then decreasing. By contrast, after the dosing of a-cyclodextrin, no significant change of liver 
content of glycogen was observed (Fig. 2). From these results, it can be said that a-cyclodextrin is 
hard to be digested in stomach or small intestines. 
Experiment Example 2 

a-cyclodextrin was dosed in rats at 1500 mg, and the amount of a-cyclodextrin in feces excreted over 
60 hours was monitored. The excretion over 12 hours (mg/12Hr) and cumulative excretion (mg) of a- 
cyclodextrin are shown in Fig. 3. As a result, it was confirmed that 60-100% of dosed a-cyclodextrin 
was recovered (Fig. 3). Since in rats with a lower recovery constipation was observed, it was suggested 
that the remaining material stayed in the small intestines. 

It can be said that this result represents an important data confirming that a-cyclodextrin is an 
oligosaccharide that is difficult to be digested. 



Experiment Example 3 

cc-cyclodextrin and P-cycIodextrin were dosed in rats at 1500 mg, and the composition of carbohydrate 
remaining in the stomach, small intestines and large intestines at 3 and 8 hours was determined (Fig. 4). 
As a result, unlike a-cyclodextrin, the remaining amounts of p-cyclodextrin in the stomach, small 
intestines and large intestines were all significantly lower 8 hours after dosing, particularly in the large 
intestines. It can be said that this result evidences that p-cyclodextrin, unlike a-cyclodextrin, is easily 
digested. 

Based on the above experimental examples and published reports, the following order is established 
in terms of ease of digestion and absorption: y- > fj- > a-cyclodextrin. y-cyclodextrin is believed to be 
extensively digested in the gastrointestinal tract by a-amylase in saliva and pancreatic fluid. For 
cyclodextrin, it can be said that it is mainly digested by intestinal bacteria in the large intestines. 
Experiment Example 4 

Rats were fed a food (see Table 1) containing a commercially available cyclodextrin product (a-, 0-, 
and Y-cyclodextrin and branched dextrin were contained at 30%, 15%, 5%, and 50%, respectively) at 
10, 20, 30, or 40% (as of total cyclodextrin) for 110 days, and the effects on body weight gain were 
compared. Furthermore, in rats with a body weight of 400-500 g, the same food was fed in a limited 
amount and the body weight reduction rates were compared. 

As a result, cyclodextrin showed an inhibitory effect on body weight gain. The higher the ratio of 
total cyclodextrin in the food, the lower the food efficiency (Fig. 5 and Fig. 6). Thus, the higher the 
ratio of total cyclodextrin in the food, the larger the body weight gain inhibitory effect 

For the body weight reduction rate in rats taking the cyclodextrin food in a limited amount, the rate 
was also higher with a higher ratio of cyclodextrin in the food (Fig. 7). In this experiment, the daily 
intake of total cyclodextrin was 12-25 g/kg body weight, with a-cyclodextrin, ^-cyclodextrin, and y- 
cyclodextrin taken at 6-13 g/kg body weight, 3-6 g/kg body weight, and 1-2 g/kg body weight, 
respectively. In each experiment, when the total cyclodextrin content was 10% there was no significant 
difference from the control food. However, in an addition amount of 20% or higher, a significant effect 
was observed. Since it is considered that y-cyclodextrin is readily digested in the stomach and small 
intestines by a-amylase, since 0-cyclodextrin is extensively digested in the large intestines, and since 



Fujita et al. reported (reference: Applied Pharmacology, Vol 10, pages 449-458, 1975) that by dosing 
0-cyclodextrin in rats at 1.6 g/kg body weight per day there was no effect on body weight gain, it was 
concluded that the body weight gain inhibitory effect and body weight reducing effect observed in rats 
treated with the commercially available cyclodextrin product were mainly due to the low digestion and 
availability of a-cyclodextrin. For the body weight gain inhibitory effect of a-cyclodextrin and the 
composition with a-cyclodextrin as the major component, the weight of each organ was suppressed at 
a low level and the ratio to body weight was maintained at a constant level. In addition, the weight of 
peritoneal fat tissue was significantly reduced. Thus, body fat accumulation was suppressed. Moreover, 
the body weight reducing effect was mainly due to the body fat reducing effect Changes in the weight 
of each organ and the ratio of the weight of each organ to body weight are shown in Table 2 and Table 
3. The serum glucose concentration in each group on day 110 of feeding was significantly lower than 
that of cyclodextrin-untreated group (Fig. 8). 
Experimental Data 2 

a-cyclodextrin and the composition with a-cyclodextrin as the major component have a liver and 
blood neutral fat (triglyceride) reducing effect 
Experiment Example 5 

Rats were fed a food containing a composition (see Table 1 ) with a-cyclodextrin as the major component 
at various levels for 110 days, and it was confirmed that the liver neutral fat content was significantly 
lower with food with total cyclodextrin accounting for at least 30% (Fig. 9). In this case, for total fat 
content, no set effect by a dosing of cyclodextrin was observed. As described above, after a dosing of 
a-cyclodextrin no increase in liver glycogen content is observed, and a-cyclodextrin is difficult to be 
digested. Accordingly, it can be considered that during passage in the digestive tract cyclodextrin 
stimulated the endocrinal and autonomic nervous systems, thereby affecting the liver lipid metabolism. 

In rats fed for 1 10 days a food containing a composition with a-cyclodextrin as the major component 
in an amount of total cyclodextrin of 10, 20, 30 or 40% in the food, the serum triglyceride concentration 
was significantly lower (Fig. 10). The reason is believed to be that the rate of triglyceride release from 
the liver and small intestines into the blood (VLDL-TGSR) was reduced by the composition with a- 
cyclodextrin as the major component (Table 4). This suggests that the reason for the reduction in liver 



triglyceride content in rats by dosing the composition with a-cyclodextrin as the major component was 
in reduction in liver triglyceride synthesis. 

From the above results, it is considered that, based on the fact that a-cyclodextrin is difficult to be 
digested, 

a-cyclodextrin and the composition with a-cyclodextrin as the major component surely have specific 
biological effects. The first of such effects is that of a low calorie carbohydrate, having effective 
actions of body weight gain suppression and body weight reduction. The second effect is suppression 
of blood triglyceride concentration at a low level by inhibiting liver triglyceride accumulation and 
reducing triglyceride release from liver and small intestines. 

Thus, it is clear that the above characteristics of a-cyclodextrin and the composition with a- 
cyclodextrin as the major component are important for the prevention and treatment of obesity, which 
is currently attracting significant attention in relation to our diet, and for prevention and treatment of 
several important disease conditions such as hypertriglyceremia, arteriosclerosis, and triglyceride- 
accumulative fatty liver. 

For the a-cyclodextrin and the composition with a-cyclodextrin as the major component of the present 
invention, various materials can be used regardless of their methods of production. As one production 
method example, a transferase (cyclodextrin glucanotransferase) produced from Bacillus macerans is 
allowed to act on a starch (preferably potato starch) paste solution under certain conditions, followed 
by an appropriate combination of known processes of purification, concentration, fractionation and 
granulation such as filtration with activated charcoal, purification with ion exchange resin, concentration, 
treatment with reverse osmosis membrane and ultrafiltration membrane, spray drying, granulation, etc. 
The composition with a-cyclodextrin as the major component, for example, can be a mixture with a 
ratio of a-cyclodextrin : 0-cyclodextrin ; y-cyclodextrin : branched dextrin = 30 : 15 : 5 : 50 (by 
weight). This mixture is commercially available. 

a-cyclodextrin and the composition with a-cyclodextrin as the major component are safe as food 
materials, without any hygiene issue. In addition, they have preferable physical properties in terms of 
texture, which is important for food materials. They can be used as a replacement at various ratios with 
traditionally widely used carbohydrates such as starch, processed starch, dextrin, starch syrup, starch 



powder, sucrose, isomerized sugar, maltose, glucose, etc. To achieve the objective of the present 
invention, a-cyclodextrin (and a-cyclodextrin for the composition with a-cyclodextrin as the major 
component) should be used at 10% or more. For body weight gain suppression and body weight 
reduction, preferably it should be used at 20% or more, even more preferably used in the range of 20- 
30%. For reducing blood neutral fat (triglyceride) concentration, a sufficient effect can be obtained by 
use at 10% or more, preferably used in a range of 10-20%. However, a highly excessive intake of 
cyclodextrin may give rise to some side effects and hence is not preferable. According to studies by the 
inventors using the composition with a-cyclodextrin as the major component, when a food containing 
total cyclodextrin at 40% was dosed in rats, during 1 10-day feeding 9 out of 20 rats died. Symptoms in 
the dead rats included abdominal bloating, constipation, and anorexia. In autopsies, intestinal bleeding 
and gas retention were observed. However, the surviving rats gradually improved their food intake and 
continued to grow. This result suggests that an excessive cyclodextrin intake initially has adverse 
effects on the intestinal tract but subsequently there might be appropriate changes in cyclodextrin 
metabolism by intestinal bacteria. 

From these data, sufficient attention should be given to practical application of a-cyclodextrin and 
the composition with a-cyclodextrin as the major component in our daily lives. As can be understood 
from the practical examples described below, in general it is preferable to have a concentration of a- 
cyclodextrin of lower than 40% in foods. Regarding the form of a-cyclodextrin and the composition 
with a-cyclodextrin as the major component, there is no limitation. For example, they can be used in 
any form such as powder, granules, aqueous solution, etc. Furthermore, if desired, they can be used 
with commonly used additives such as a coloring agent, antioxidant, emulsifying agent, stabilizer, 
anti-bacterial agent, etc. 

As described above, a-cyclodextrin and the composition with a-cyclodextrin as the major component 
are useful for reducing neutral fat in vivo. Moreover, as a low calorie carbohydrate, they have a body 
weight gain inhibitory effect and body weight reducing effect. Accordingly, the present invention is 
expected to be beneficial in the prevention and treatment of several important disease conditions such 
as hypertriglyceremia, arteriosclerosis, and triglyceride-accumulative fatty liver, as well as for the 
prevention and treatment of obesity. 



In the following, the present invention is described in more detail with practical examples. The present 
invention is not limited by these practical examples. 
Working Example 1 
Productjop of tetter cafo 

Composition example of butter cake containing the a-cyclodextrin composition with a-cyclodextrin 
as the major component: 

weak-strength wheat flour 60 g 

sucrose 60 g 

a-cyclodextrin composition 50 g 0^* c ^ "•■('• LA 

egg 180 g 

butter 120gC^O 
The a-cyclodextrin-containing composition and melted butter were mixed and stirred thoroughly to 
produce a cream utilizing the emulsifying action of cyclodextrin. For other procedures, standard methods 
were used, thereby producing a butter cake. The butter cake was fine-grained with a uniform appearance 
and good color. Traditionally, when the egg amount was increased in trying to produce a good quality 
butter cake, sometimes the raw materials separated. If the amount of the a-cyclodextrin-containing 
composition is increased, material selection can be fieely made without such a problem, and the biological 
effect can be expected. 
Working Example 2 
Application to tempura powder 

Traditionally, as the wheat powder for tempura, weak-strength wheat flour is used as the major 
component In order to finish it crispy and to make it keep well, corn starch is added at 5-10%, and 
furthermore as supplement materials, baking powder, powdery yolk, seasonings, etc. are often added. 
If 30-50% of wheat flour is replaced by the composition with a-cyclodextrin as the major component, 
compared with the use of corn starch, the product can be finished very crispy with the oil very difficult 
to be separated, and it can keep well. Depending on the blend ratio of the composition with a-cyclodextrin 
as the major component, a tempura powder can be obtained which can be expected to have a low 
calorie effect and a liver and blood neutral fat concentration reducing effect. 
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Working Example 3 

Production of instant Chinese noodles 

Composition example of instant Chinese noodles containing the cc-cyclodextrin composition with cc- 
cyclodextrin as the major component: 

wheat powder 700 g 

cc-cyclodextrin composition 300 g I So ^ } 6 vn « . ?%o**u* 

table salt 15 g 

sweet water (as of solid state material) 1.3 g 

pigment Q r> a small amount 

water x ' 320 g 

The a-cyclodextrin-containing composition and wheat powder were mixed thoroughly, then table 
salt, sweet water, pigment, and water were added, followed by mixing and spreading. Subsequendy, 
after rolling then cutting into small pieces, boiling was performed at 90-100°C for several minutes to 
transform starch into a-form. Then, the noodles were untangled, followed by packing in boxes. Finally, 
they were fried in oil at 130-140°C for several minutes, thereby obtaining low calorie, firm, instant 
Chinese noodles. Because cyclodextrin includes oil and enhances the anti-oxidant action, the resultant 
Chinese noodles kept weU. 
Working Example 4 
Production of low calorie biscuit 

Composition example of biscuit containing the cc-cyclodextrin composition with cc-cyclodextrin as 
the major component: 

wheat powder 500 g 

oc-cyclodextrin composition 500 g (\ CO^C^) \ t 2* 6 T-*4 % ^utiP 

sucrose 400 g 

sodium biscarbonate 5g 

ammonium carbonate 5 g 

table salt 5g 

lard 400 g 

water 200 g 



First, lard, sucrose, the a-cyclodextrin-containing composition and one-half of the amount of water 
were mixed and stirred thoroughly into a cream state. Then, sieved wheat powder, sodium biscarbonate, 
ammonium carbonate and table salt were added and mixed. The remainder of the water was added then 
mixed, followed by rolling to a 5-6 mm thickness. After punching through a mold, heating was done in 
an oven at 150°C for 25 minutes. The color, internal texture, and crispness of the resultant biscuit were 
all good. With this recipe, a calorie reducing effect of the carbohydrate by 10-15% can be obtained 
4. Brief Explanation of the Drawings 

Fig. 1 shows the time course of changes in distribution of carbohydrate in the digestive tract (stomach 
and small intestines) after oral dosing of starch or a-cyclodextrin (a-CD) in rats. 

Fig. 2 shows the liver glycogen contents immediately before and after oral dosing of cc-starch and a- 
cyclodextrin in rats. 

Fig. 3 shows the time course of changes in excretion in stool after oral dosing of a-cyclodextrin in 
rats. 

Fig. 4 shows the time course of changes in carbohydrate distribution in the digestive tract (stomach + 
small intestines [S + S. I.] and large intestines [L. I.]) after oral dosing of starch and a- or jJ-cyclodextrin 
(CD) in rats. 

Fig. 5 shows the effect of a cyclodextrin (composition: a-, 0-, and Y-cyclodextrin and branched 
dextrin = 30 : 15: 5 : 50>added food (addition at 10, 20, 30 and 40% as of total cyclodextrin) on rat 
body weight 

Fig. 6 shows the effect of a cyclodextrin (composition: a-, 0-, and Y-cyclodextrin and branched 
dextrin = 30 : 15: 5 : 50>added food (addition at 10, 20, 30 and 40% as of total cyclodextrin) on rat 
food efficiency. 

Fig. 7 shows the effect of a cyclodextrin (composition: a-, and y-cyclodextrin and branched 
dextrin = 30 : 15: 5 : 50)-added food (addition at 10, 20, 30 and 40% as of total cyclodextrin), given in 
a limited amount (2 meals, 10 g/day), on body weight reduction. 

Fig. 8 shows the serum glucose concentrations after a cyclodextrin (composition: a-, f}-, and y- 
cyclodextrin and branched dextrin s 30 : 15: 5 : 50>added food (addition at 10, 20, 30 and 40% as of 
total cyclodextrin) was dosed in rats for 110 days. 
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Fig. 9 shows the liver total lipid and triglyceride contents after a cyclodextrin (composition: a-, 0-, 
and Y-cyclodextrin and branched dextrin = 30 : 15: 5 : 50>added food (addition at 10, 20, 30 and 40% 
as of total cyclodextrin) was dosed in rats for 110 days. 

Fig. 10 shows the effect of a cyclodextrin (composition: a-, ($-, and y-cyclodextrin and branched 
dextrin = 30 : 15: 5 : 50)-added food (addition at 10, 20, 30 and 40% as of total cyclodextrin), dosed in 
rats for 1 10 days, on rat serum triglyceride. 

Patent Applicants: Masashige Suzuki 

Toyo Create Co., Ltd 

Nichino Kagaku Kogyo Co., Ltd. 

Ensuiko Sugar Refining Co., Ltd. 
Agent: Fujiro Kubota, Patent Attorney 
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TABLES 



Table 1 





Control 


OD - 10 


OD • 20 


CD - 30 


CD- 40 

• 


Cornstarch 


7*0 * 


585* 


3910* 


105* 


0 * 


ct-CD mixed 


0 


19J5 


3910 


505 


TOO 


Casein 


146 


14* 


146 


146 


146 


Soybean ofl 


22 


2a 


22 


02 


22 


inorganic substances 
mixed 


to 


10 


40 


40 


40 


Choline chloride 


015 


015 


015 


016 


015 


Vitamin mixed 


1042 


0042 


O042 


0.042 


00 42 


UpW-soiuWe vitamin 


O0041 


O0041 


O0041 


O0041 


O0041 


Cellulose 


2JD039 


10039 


1.0039 


1.0039 


1.0039 



Table 4 





Control 


OD - 1 0 


OD- 2 0 


CD- 3 0 


Serum triglyceride concentration 
0 hour (mg/IOOml) 


1 3 6.0 


1 1 r.o 


7 3.0 


7 3.0 


After 2 hours (mg/IOOm!) 


1 1 5 2.2 


9 6 9.8 


9 0 3.8 


8 6 1.7 


Serum triglyceride accumulation rate 
(mc/100 ml/2 Hr) 


• 

1 0 1 6.2 


6 5 2.8 


. 8 3 6.8 


7 6 8.7 


VLOL-TQ release rate (mg/Hr/rat)* 


6 9.4 


5 7.5 


4 9.1 


3 8.5 



* VLDL-TG: very low density lipoprotein-triglyceride 
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14. JP60094912 Agent for Reducing Neutral Fat in Body (Two Versions of 
Abstract attached) 

a This patent was found by both ArtJen and Kellogg' s. It appears to be 
addressing a crude preparation to be delivered as a powder, that is 20-30% 
a-cyclodextrin or dissolved in a liquid or (perhaps) as a tablet This 
appears to be the same material used in "3" above. With reference to the 
example they are including as much of this crude product in their recipe as 
they are flour. This indicates that they are not attempting to complex 
triglyceride but rather using the indigestible properties of the material. 
The anticholesteremic properties that they mention may be attributed to 
the contaminating 3-cyciodextrin. 

Please note that the inventor, Masashige Suzuki, is the lead author of "3" above. As 
the submission date of the patent and the manuscript differ by only eight months we 
may be able to assume that both documents are based upon the same body of work. 
Note further that Suzuki clearly states in "3" that the cyclodextrin mixture is being 
used as a "calorie substitute 19 . 



AGENT FOR REDUCING NEUTRAL FAT IN BODY 



Patent Number 
Publication date: 
Inventor(s): 
Applicant(s): 
Requested Patent 
Application 
Priority Numbers): 
IPC Classification: 
EC Classification: 
Equivalents: 



JP60094912 
1985-05-28 

SUZUKI MASASHIGE; others: 
MASASHIGE SUZUKI; others: 
JP60094912 

JP1 9830201 033 19831028 
A61K31/715 





PURPOSE:To provide the titled reducing agent by using alpha-cyclodextrin or a composition composed mainly of alpha- 
cyclodextrin as an active component 

CONSTITUTION :An agent to reduce the neutral fat concentration in the body is produced by using alpha-cyclodextrin or 
a composition composed mainly of alpha- cyclodextrin as an active component The composition can be produced by 
treating various starch paste solution with a transferase produced by Bacillus macerans, under specific condition, and 
subjecting the treated product to a proper combination of the processes such as filtration with activated carbon, 
purification with ion exchange resin, concentration, treatment with reverse osmosis membrane and ultrafiltration 
membrane, spray drying, granulation, etc. The content of alpha-cyclodextrin in the composition is preferably >=20% for 
the suppression of the increase in the body weight or for the reduction of the body weight, and is >=10% for the 
reduction of the neutral fat concentration in blood. It is preferable to restrict the concentration of alpha-cyclodextrin in th 
foods and drinks below 40%. 
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